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The chromatic aberration of lenses is a popular topic in introductory astronomy [1] [2] [3] [4] and physics [5] [6] [7] [8] and is readily demonstrated on an optical bench to several students at a time. 9 , 10 However, we are not aware of any published descriptions of demonstrations showing chromatic aberration that are useful for large lecture classes. This note describes a simple method of using an overhead projector and an extra lens for displaying chromatic aberrations in large lecture halls so it can be viewed by large audiences.
. II 12 h Standard overhead proJectors' ave two converging lenses. The first is a large plastic Fresnel lens just under the transparent (typically glass) object table on which the transparency is usually placed. This lens directs light to a second and moveable lens that focuses the transparency image on a (typically) wall-mounted screen. The second lens is a composite of two converging lenses and a front-surface mirror. All that is needed for projecting a large image showing chromatic aberrations is an overhead projector and a large third converging lens that exhibits chromatic aberration.
With the projector at the usual distance from a screen, inserting the third lens into the light path between the projector and screen will project chromatic aberrations on the screen. It is convenient to use a large Fresnel lens similar to the first lens for the third lens, although large glass lenses exhibit the phenomena equally as well. However, the greater weight of a large glass lens is a significant disadvantage. Lenses of focal length from 10 to 50 cm perform well. With longer focal lengths the lens diameter needs to be larger in order to intercept the entire 22 Osprey Journal of Ideas and Inquiry projected light beam. With the third lens centered in the light beam between the second lens and the screen and within its focal length of the second lens, a large spot will be projected on the screen that is white in the center with a bright red-orange halo. The total image typically fills around 60 % of the area normally occupied by the transparency images.
Moving the third lens readily modifies this image. As the third lens is moved away from the projector and toward the screen, the red-orange halo disappears as an image of the projector bulb appears. For BVE bulbs, II this image shows the multiple coils of the bulb's incandescent filament. With ENX bulbs, 12 a circular and colorful-flower like pattern appears, showing the filament reflected in the bulb's multiple mirrorreflector segments.
Moving the third lens further (two or three times its focal length) from the projector once again creates a large white central spot, but this time the spot exhibits a blue halo. All of these images can be seen as well as normal transparency images are seen, and therefore will show chromatic aberration clearly to a large lecture class.
The explanation for color separation is straightforward for teachers, and can be made easier for introductory level students to grasp through the use of color filters l3 large enough to intercept all of the projected light. Alternately inserting blue and red filters, with the third lens within its focal length of the second lens, shows that blue light is focused to a smaller spot on the screen than is red, illustrating that it is the larger red spot that produces the red-orange halo. A diagram showing red and blue rays in this arrangement, with a simple second lens instead of the mirror and composite (second) lens, is shown in Figure lA .
With the third lens further from the projector a blue halo can be seen. This halo is produced as the blue light forms a large blue spot and the red light makes a smaller spot. Fig. IB shows a ray diagram for this arrangement.
The diagrams in Figure 1 were generated by the program RAYS, created with Layhey Fortran 90 14 by Phil Ryan in Dr. James L. Garner's PHY 3424 optics class at the University of North Florida. RAYS models non-paraxial rays and spherical thick lenses by calculating the angle of refraction for each ray at each optical interface, ignoring (as used here) reflected rays. The third lens was made identical to the first. The radii of curvature and indexes of refraction (1.475 for red and 1.525 for blue) were chosen to give the correct relative focal lengths for lenses as on the referenced overhead projectors, though these values show larger dispersion than normal optical materials. 15 The horizontal and vertical scales were adjusted to clearly show the different paths of red and blue light rays in small diagrams.
In the latter arrangement (i.e. with the blue edge), the red is focused to a spot further from the projector. One can massacre the English language in class by musing about what might be seen further out from where red light focuses. If there might be any radiation which could be focused "in the fur-red" region, what should it be called? Students will soon suggest infrared, which provides a nice lead-in to the story to how the astronomer Sir William Herschel discovered IR using a thermometer in 1800. 16 The presence of IR radiation can be conveniently demonstrated by using filters that block all visible light but still transmit IR. Blue, red, and green Lee filters 13 that are cut to the size of the overhead projector's object table work nicely for this. By stacking these three filters on the object table, all visible light from the projector is blocked. By moving a large IR detector card near the screen, one can quickly locate the area of the projected IR beam. These IR cards 17 glow sufficiently in the overhead projector's IR. In fact, their glow is easily seen from the back of large lecture halls if the room lights are dimmed.
Chromatic aberration is conveniently demonstrated in small classrooms using the chromatic aberration from the overhead projector's first lens by simply holding a screen made of typing or tracing paper in the light before it reaches the second lens. A red-orange edge will be seen on the light pattern there. If the paper screen is placed somewhat beyond the second lens, a blue edge will be seen. These chromatic aberrations are also shown in the ray diagrams of Figure 1 .
Some overhead projectors 12 allow the arm holding the second lens to be folded down. If this is done, a blue edge can also be seen above where the second lens normally is. This arrangement can also be used to demonstrate the purpose of the first lens in normal projector usage. By moving the paper screen from the object table upwards through the space where the second lens would be, it is seen that nearly all of the light passing through the object table is directed to the second lens where it can be re-directed to and focused on the screen.
It is also relatively easy to find places where a converging lens can be used to redirect light at the edge of the projector's beam going to the screen (from the second projector lens) to form a new image to the side of the area of the normally projected image. If this lens also exhibits chromatic aberration, the new image can be arranged to have red on one edge, white in the middle, and blue on the other edge, creating a patriotic display for the countries in which red, white, and blue are national colors. Ray diagrams illustrating the paths of red rays (thin lines) and blue rays (thick lines) passing from the overhead projector bulb on the left through the three lenses described above. In the figure on the left (A), a red halo is projected to the screen (not shown). In the right-hand figure (B), a blue halo is projected. The second lens in overhead projectors is normally a composite of two converging lenses and a mirror, which was replaced here with a simple converging lens of the same equivalent focal length.
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